We have surveyed properties of the magnetic field power spectral densities and energetic ions and compared them with the shock normal angles of 74 CME-driven IP shocks observed at ACE and Wind during solar cycle 23. We searched for events that exhibited clear signatures of first-order Fermi acceleration at quasi-parallel shocks and shockdrift acceleration at quasi-perpendicular shocks as predicted by the diffusive shock acceleration theory. Our results show that events with clear signatures of either shock-drift or first-order Fermi acceleration at 1 AU are rare, with 64 of the 74 IP shocks (∼87%) exhibiting mixed signatures. We classify the remaining ten events as follows. (1) Type 1: Four quasi-perpendicular shocks with θBn > 70
Introduction
The acceleration of charged particles at collisonless shocks is believed to be responsible for producing a variety of energetic particle populations observed throughout the Universe e.g., [1] . The primary candidate for accelerating these particles is the diffusive shock acceleration (DSA) theory, which includes two separate mechanisms, namely the firstorder Fermi mechanism and the shock-drift mechanism. In the first-order Fermi process, particles gain energy by being repeatedly scattered between magnetic irregularities in the converging plasma flows either side of quasi-parallel shocks with θ Bn ≤ 60
• [2] , while in the shock-drift mechanism particles drift along the V sw × B electric field at quasi-perpendicular shocks with θ Bn > 75
• and gain energy as a result of the downstream/upstream gradient in the magnetic field. Here θ Bn is the shock normal angle. Up until the mid-1990's, it was believed that the source material for interplanetary (IP) shocks driven by coronal mass ejections (CMEs) mostly comprised the bulk solar wind plasma e.g., [6] . However, recently more precise measurements of the relative composition of (1) heavy ions from C-Fe [7] , (2) the rare isotope 3 He [8] , and (3) singly charged He + ions [9] have confirmed that the seed population for CME-driven shocks comprises suprathermal ions with speeds more than twice that of the bulk solar wind plasma. The suprathermal material originates from multiple sources such as the heated solar wind, interstellar pickup ions, and solar and interplanetary activity [10] , [11] . Based on theoretical arguments regarding the dependency of the injection efficiency of particles on θ Bn , [3] and [4] argued that quasi-perpendicular shocks with higher injection thresholds require a more energetic seed population such as flare suprathermals, while quasi-parallel shocks with lower injection thresholds inject and accelerate a lower-energy seed population such as solar wind suprathermals (although see [5] ). More recently [12] developed a new model for DSA that formally incorporates the differences in shock geometry and the associated injection of suprathermal seed populations with distinct origins. Although several authors have identified signatures indicative of both, first-order Fermi [13] and shock-drift [14] acceleration during isolated cases [15] , [16] , [17] , [18] , [19] , [20] ], and [21] , these studies were based on proton observations and did not consider differences in the seed populations as an important factor. In this paper, we use the magnetic field and energetic particle data near IP shocks at 1 AU to (1) search for possible DOI: 10.7529/ICRC2011/V10/0084
Vol. 10, 54 signatures associated with the two different types of acceleration processes and (2) identify the origin of the seed particles. We first present results associated with 2 IP shocks that highlight the complex signatures associated with shock acceleration and then discuss how we can utilize these measurements to identify the seed populations and understand the underlying physics.
Instrumentation & Event Selection
We use energetic ion measurements from the SupraThermal through Energetic Particles (STEP) telescope within the Energetic Particles, Acceleration, Composition, and Transport Experiment (EPACT; [22] ) on board Wind. STEP uses time-of-flight (TOF) versus residual energy measurements to resolve elements from H to Ni for energies between ∼0.02-2 MeV/nucleon (STEP). STEP also measures heavy ion anisotropies in eight sectors of two identical telescopes pointed at 64
• and 116
• to the spacecraft spin axis, which points along the -Z direction in the Geocentric Solar Ecliptic (GSE) coordinate system (see [23] ). In support of our analysis, we also use the magnetic field and solar wind plasma data from Wind and ACE. In order to test the predictions of the DSA theory in a systematic fashion, we have surveyed the magnetic field, solar wind plasma, and energetic particle measurements from Wind (launched in 1994 November) and ACE (launched in 1997 August) during ∼400 CME-driven IP shocks observed at 1 AU. We then identified 74 IP shocks on the basis of the following properties: (1) The intensities of 0.04-0.32 MeV/nucleon CNO ions measured by Wind/STEP should show enhancements of at least a factor of 5 within a 24-hour period centered on the arrival of the shock, and (2) the first-order anisotropy vector reverses or remains close to zero near shock passage at 1 AU, indicating either that the source of ions has moved past the spacecraft or the presence of a near-isotropic distribution around the shock. We discuss two examples that exhibited clear signatures that are consistent with DSA theory: (1) 1998 August 6, 0644 UT: θ Bn ∼ 83
• ± 3
• and (2) 1999 February 18, 0211 UT:
3 Observations Figure 1 shows the time evolution of (a) the ∼40-320 keV/nucleon CNO intensities, (b) the power-law spectral index for ∼80-320 keV/nucleon CNO ions, (c) first, and (d) second order anisotropy components of ∼80-160 keV/nucleon CNO ions near the August 1998 and February 1999 IP shock events observed at ACE and Wind. The anisotropy components are derived by fitting a spherical harmonic expansion to the 16-sectored CNO intensities that are transformed into the local plasma frame using the Compton-Getting correction. The first-order component, A 1 /A 0 , is multiplied by either +1 or -1 to account for the IMF polarity so that anti-sunward flow is always positive (see [24] ). Figure 2 shows the magnetic power vs. time in three different frequency ranges (upper panels) and the power spectral densities (PSDs; lower panels) at four different time intervals for the two events shown in Figure 1 . Figures 1 and 2 show the dramatic contrast between the temporal evolution of the energetic particle properties (intensities, spectral indices, and anisotropies) and the nature of wave activity in association with the two events. In particular we note the following four differences:
1. The CNO intensities at all energies between ∼40-320 keV/nucleon increase by about a factor 10 around ∼6 hours either side of the 1998 August 6 shock. In the case of the 1999 February 18 event, only the ∼40-80 keV/nucleon CNO intensity increases before and peaks near the shock.
2. The ∼80-320 keV/nucleon CNO spectral index remains relatively constant at γ ∼2 from ∼0000 UT August 5, 1998 up to the arrival of the IP shock and then decreases slightly or hardens in the downstream region. In the case of the February 18 event, the C-NO index is significantly softer (γ ∼3) at ∼0600 UT on February 17, 1999, i.e., ∼20 hours prior to the arrival of the shock. The CNO index then hardens dramatically (γ <1) over a period of ∼6 hours that coincides with the three orders of magnitude increase in the intensities shown in the right panel in Fig 1a. The CNO index then remains fairly constant over a ∼12 hour period upstream of the IP shock when the intensities exhibit a plateau. About ∼2 hours prior to the arrival of the shock, the CNO spectrum softens or unfolds and the index reaches a value of γ ∼2.5 at the shock. The index then remains fairly constant for ∼6 hours before decreasing in association with a secondary intensity enhancement at ∼0800 UT, i.e., about 6 hours downstream of the shock.
3. The ∼80-160 keV/nucleon first-order anisotropy, A 1 /A 0 around the August 18, 1998 event shows a large anti-sunward flow upstream of the shock followed by a flow reversal at the shock and a predominantly sunward flow throughout the downstream region. During the February 19, 1999 event, A 1 /A 0 remains close to zero throughout the upstream region and then reverses direction for a short period (∼1 hour) following the passage of the shock. The second-order anisotropy, A 2 /A 0 , shows a large negative component during a ∼4 hour period behind the August 18, 1998 shock, indicating that the C-NO pitch-angle distributions peak at 90
• to the local IMF direction in the downstream region. In contrast, A 2 /A 0 remains close to zero during the ∼24 hour period starting from ∼1200 UT on February 17, 1999, which also includes the IP shock arrival time. From ∼1200 UT on February 18, 1999 to ∼1200 UT on February 19, 1999, A 2 /A 0 exhibits large positive values, indicating the presence of bi-directional ion flows inside an ICME event (see also [24] ).
Vol. 10, 55 -1 Hz) and has no significant wave activity around the proton cyclotron frequency near ∼0.1-0.2 Hz. In contrast, the energy in the fluctuations across the spectral range increases by an about a factor of 10 well ahead (2) of the February 1999 IP shock. Immediately upstream (3), the PSD shows a dramatic departure from a power-law due to significant wave growth between ∼0.05-1 Hz, i.e., around the proton cyclotron frequency at ∼0.1 Hz.
Discussion & Conclusions
We have surveyed properties of the magnetic field power spectra and energetic ions and compared them with the shock normal angles of 74 CME-driven IP shocks observed at ACE and Wind during solar cycle 23. We searched for events that exhibited clear signatures of first-order Fermi acceleration at quasi-parallel shocks and shock-drift acceleration at quasi-perpendicular shock as predicted by DSA theory [2] . Our results show that events with clear signatures of either shock-drift or first-order Fermi acceleration at 1 AU are rare and that the vast majority (64 events; i.e., ∼87%) of the IP shocks at 1 AU have a broad distribution of θ Bn 's and exhibit mixed particle and field signatures. We classify the remaining ten events as follows: Type 1: Four quasi-perpendicular shock events with θ Bn > 70
• exhibit no enhancements in the magnetic field power spectrum around the proton gyro-frequency upstream of the shocks and no change in the low-energy (below ∼300 keV/nucleon) spectral index across the shocks. Type II: Six quasi-parallel or oblique IP shock events with θ Bn < 70
• exhibit significant enhancements in the PSDs around the proton gyro-frequency accompanied by unfolding (softening) of the low-energy (below ∼300 keV/nucleon) spectral index upstream of the shocks. We interpret Type I events as signatures of shock-drift acceleration at quasi-perpendicular shocks. Here the lack of enhancements in the magnetic field power spectral density around the proton cyclotron frequency indicates the absence of self-excited waves, the relative constancy of the low-energy spectral index around the shock indicates that a pre-existing suprathermal seed spectrum is injected at the shock and shifted in intensity and energy (see [25] ), and the near-zero or reversal of the first-order anisotropy around the shock along with a peak in the pitch-angle distribution at 90
• downstream of the shock indicates that there is a deficit of field-aligned ions in the downstream region because they have gained energy and drifted away from the spacecraft along the shock front. We interpret Type II events as clear examples of signatures of first-order Fermi acceleration at oblique or quasi-parallel shocks. Here the enhancements in the PSDs around the proton cyclotron frequency indicates the presence and excitation of Alfvén waves by the accelerated ions as they stream away from the shock, the systemtatic softening or unfolding of the ∼80-320 keV/nucleon power-law spectral index as the shock arrives closer to the spacecraft indicates the trapping of accelerated lower-energy ions that excite the waves, and the near-zero or reversal of the first-order Vol. 10, 56 anisotropy around the shock, indicates that the shock is the source of the near-isotropic ion population.
